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Background—Early cardiopulmonary resuscitation (CPR) improves survival in out-of-hospital cardiac arrest, and
dispatcher-delivered instruction in CPR can increase the proportion of arrest victims who receive bystander CPR before
emergency medical service (EMS) arrival. However, little is known about the survival effectiveness of dispatcher-
delivered telephone CPR instruction.

Methods and Results—We evaluated a population-based cohort of EMS-attended adult cardiac arrests (n�7265) from
1983 through 2000 in King County, Washington, to assess the association between survival to hospital discharge and
3 distinct CPR groups: no bystander CPR before EMS arrival (no bystander CPR), bystander CPR before EMS arrival
requiring dispatcher instruction (dispatcher-assisted bystander CPR), and bystander CPR before EMS arrival not
requiring dispatcher instruction (bystander CPR without dispatcher assistance). In this cohort, 44.1% received no
bystander CPR before EMS arrival, 25.7% received dispatcher-assisted bystander CPR, and 30.2% received bystander
CPR without dispatcher assistance. Overall survival was 15.3%. Using no bystander CPR as the reference group, the
multivariate adjusted odds ratio of survival was 1.45 (95% confidence interval [CI], 1.21, 1.73) for dispatcher-assisted
bystander CPR and 1.69 (95% CI, 1.42, 2.01) for bystander CPR without dispatcher assistance.

Conclusion—Dispatcher-assisted bystander CPR seems to increase survival in cardiac arrest. (Circulation. 2001;104:
2513-2516.)
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Of the �250 000 persons who experience an out-of-
hospital cardiac arrest each year in the United States,

only an estimated 5% survive to hospital discharge.1,2 Early
cardiopulmonary resuscitation (CPR) improves the likelihood
of survival,3 yet only one-third of persons typically receive
CPR before the arrival of emergency medical services
(EMS).4–6 Dispatcher-delivered instruction in CPR can in-
crease the proportion of arrest victims who receive citizen
CPR before EMS arrival.7 Simulation studies suggest that
bystanders without prior CPR training who receive dispatcher
instruction demonstrate comparable CPR skills to previously
trained persons, although more time elapses between collapse
and the initiation of CPR in the former group.8 In the real-life
arrest settings, however, little is known about the survival
effectiveness of dispatcher-delivered telephone CPR instruc-
tion. In addition to affecting time from collapse to CPR, CPR
that requires dispatcher instruction in the real arrest event
may be associated with the quality of CPR; this factor seems
to influence survival in out-of-hospital cardiac arrest.4 To
examine the effectiveness of dispatcher-delivered telephone
CPR instruction for out-of-hospital cardiac arrest, we deter-
mined the association between survival and 3 distinct CPR
groups: no bystander CPR before EMS arrival (no bystander
CPR), bystander CPR before EMS arrival requiring dis-

patcher instruction (dispatcher-assisted bystander CPR), and
bystander CPR before EMS arrival not requiring dispatcher
instruction (bystander CPR without dispatcher assistance).

See p 2506

Methods

Study Setting and Population
The study setting was suburban King County, Washington (popula-
tion, 1.1 million). This area is served by a 2-tiered EMS response
system. The first tier consists of fire engines or aid units staffed with
fire fighters who are trained in basic life support (BLS) and are
capable of providing defibrillation using automated or manual
defibrillators. The second tier consists of emergency units staffed
with paramedics who are trained in advanced life support (ALS)
care. In the case of a suspected cardiac arrest, first and second tier
units are dispatched simultaneously and, upon scene arrival, follow
the American Heart Association BLS and ALS guidelines.9 Since
1975, the EMS (BLS and ALS) reports and the dispatch tape
recordings for each EMS-attended cardiac arrest event have been
reviewed to determine demographics, event circumstances, cardiac
rhythms, specific therapeutic interventions, and immediate outcome
(admit to hospital versus death). Hospital records and death certifi-
cates, in addition to EMS records, are used to determine the cause of
the cardiac arrest and to ascertain long-term survival. This data set
has been standardized to the Utstein guidelines.10a
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The first full year of the dispatcher CPR program was 1983; thus,
the present analysis was conducted using data from 1983 through
2000. In addition, we excluded (1) persons who experienced an arrest
after the arrival of EMS, because it would not be possible for these
persons to have received the exposure of interest (bystander CPR)
and (2) persons �18 years of age. Of the 7945 persons who
experienced an arrest due to cardiac causes and were initially
eligible, covariate information was missing for 680 persons, leaving
7265 subjects (91.4%) for analysis. The study was approved by the
institutional review committee.

Study Outcome
The outcome of this study was survival to hospital discharge.

Exposure Status
The exposure of interest, CPR status, was determined from the EMS
records and dispatch tapes. For each case, information was collected
regarding whether bystander CPR was provided before EMS arrival,
who performed the bystander CPR (lay persons versus medical
professionals, ie, nurse or physician), and whether dispatch instruc-
tion was required to perform CPR. Emergency medical dispatchers
follow an established set of criteria to identify cardiac arrest cases.
Once cases are identified, dispatchers ask if anyone on scene knows
how to perform CPR. If no one is able to perform CPR, the
dispatcher offers to provide instruction. This instruction provides
explicit direction in CPR and has been described in detail
previously.7,10b,11 For both bystander CPR groups, CPR was consid-
ered to have been performed if initial rescue breaths were delivered
by the bystander. Using these methods, each case was classified into
1 of 3 categories: no bystander CPR before EMS arrival, dispatcher-
assisted bystander CPR before EMS arrival, and bystander CPR
without dispatcher assistance before EMS arrival. In addition to CPR
status, information was available regarding demographic and arrest
characteristics that may potentially influence the outcome of cardiac
arrest, including age, sex, witness status, location of the arrest
(private residence, public location, medical facility, or indetermi-
nate), presenting rhythm, and interval from collapse to 911 call,
interval from collapse to CPR, and interval from call to EMS (BLS
and ALS) arrival at the scene.

Statistical Analysis
The univariate association between survival and CPR status was
determined using the �2 test. Logistic regression was used to estimate

odds ratios of survival for the 3 CPR groups while adjusting for other
factors that may potentially influence survival. Subjects that received
no bystander CPR before the arrival of EMS personnel were the
reference group. Multivariate analyses were adjusted for age, sex,
witness status, location, and time to BLS arrival. Subgroup analyses
evaluated whether the association between survival and CPR status
differed among specific demographic or arrest-characteristic sub-
groups. These potential subgroup differences were modeled using
cross-product terms between the covariates of interest and CPR
status. Among witnessed arrests (a group with a known collapse
time), we specifically hypothesized that dispatcher-assisted by-
stander CPR might be less beneficial when EMS arrives quickly
because of the delay to CPR produced in delivering instructions;
thus, we evaluated the association between survival and CPR status
when EMS arrived within 3 minutes from time of call, 4 minutes
from call, and �5 minutes from call.

We also evaluated the potential mechanism by which bystander
CPR may confer survival benefit. In doing so, we included the
interval from collapse to CPR in the statistical model (restricted to
witnessed arrests). One may estimate the relative contribution of the
interval from collapse to CPR by first computing the � coefficient
values for the bystander CPR terms in the model unadjusted for the
interval from collapse to CPR (�baseline), and then by calculating the �
coefficient values for the bystander CPR terms in the model adjusted
for the interval from collapse to CPR (�adjusted). The relative contri-
bution of this mechanism is then calculated using the expression:
1�(�adjusted/�baseline).12 The interval from collapse to CPR was mod-
eled as a continuous term in this analysis.

Results
In this cohort of 7265 persons who experienced cardiac arrest
due to cardiovascular causes, 44.1% of subjects received no
bystander CPR before EMS arrival, 25.7% received
dispatcher-assisted bystander CPR, and 30.2% received by-
stander CPR without dispatcher assistance. No temporal
trends were observed for CPR status. Cardiac arrest cases
who received dispatcher-assisted bystander CPR tended to be
younger, occur in private residences, and require a greater
duration for BLS response compared with those who did not
receive bystander CPR and those who received bystander
CPR without dispatcher assistance (Table 1). Among wit-

TABLE 1. Demographic and Arrest Characteristics by CPR Group

Characteristic
No Bystander CPR

(n�3205)

Dispatcher-Assisted
Bystander CPR

(n�1867)

Bystander CPR Without
Dispatcher Assistance

(n�2193)

Age, y 69.7�13.0 67.0�12.7 68.7�13.2

Male sex, n (%) 2220 (69.3) 1274 (68.2) 1560 (71.1)

Location, n (%)

Home 2589 (80.8) 1747 (93.6) 839 (38.3)

Public 448 (14.0) 107 (5.7) 759 (34.6)

Medical* 129 (4.0) 13 (0.7) 497 (22.7)

Indeterminate 39 (1.2) 0 (0) 98 (4.4)

Witnessed arrest, n (%) 1384 (43.2) 1002 (53.7) 1274 (58.1)

BLS interval, min† 5.1�2.3 5.6�2.2 5.0�2.5

ALS interval, min† 10.4�5.0 10.1�4.5 9.5�4.6

Collapse to 911 call interval, min‡ 1 (1,2) 1 (1,1) 1 (1,2)

Collapse to CPR interval, min‡ 6.4�3.1 2.9�2.4 2.0�1.7

*Includes medical clinics and nursing facilities.
†Interval from call to arrival on scene.
‡Among witnessed arrests.
Values are mean�SD, n (%), or median (25th, 75th percentile).
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nessed arrests, mean time from collapse to CPR for the
dispatcher-assisted bystander CPR group was �1 minute
more than for the bystander CPR group without dispatcher
assistance (P�0.001).

Overall survival was 15.1%. Both dispatcher-assisted by-
stander CPR and bystander CPR without dispatcher assis-
tance were associated with increased odds of survival com-
pared with no bystander CPR in univariate and multivariate
analyses (Table 2). Exclusion of medical professionals from
the bystander CPR group without dispatcher assistance did
not change the relationship (odds ratio [OR], 1.72; 95%
confidence interval [CI], 1.44, 2.06 for layperson CPR
without dispatcher assistance compared with no bystander
CPR). Similarly, further adjustment for ALS response time
altered the associations only slightly. The survival advantage
evident in the univariate analysis for the group who received
bystander CPR without dispatcher assistance compared with
the group who received dispatcher-assisted bystander CPR
(OR, 1.53; 95% CI, 1.30, 1.80; P�0.001) was attenuated in
the multivariate model (OR, 1.17; 95% CI, 0.96, 1.42;
P�0.1). The association between CPR status and survival did
not differ across subgroups defined by sex, age (�65 and
�65 years), or witness status. Among those who had a
witnessed arrest, the relative survival benefit associated with
dispatcher assistance increased as the BLS response time
increased (Figure). Adjustment for the interval from collapse
to CPR (among witnessed arrests) attenuated the associations
between survival and bystander CPR (Table 3). This model
suggests that the majority of the survival benefit associated
with bystander CPR can be explained by reducing the interval
from collapse to CPR.

Discussion
In this large, population-based cohort of EMS-attended out-
of-hospital cardiac arrests, dispatcher-assisted bystander CPR
was associated with an �50% improvement in the odds of
survival compared with those who received no CPR before
EMS arrival; this survival benefit approached that of by-
stander CPR without dispatcher assistance. Low rates of
bystander CPR may be due to several factors, including lack
of prior CPR instruction, fear of communicable disease, or
event anxiety.13–15 Dispatcher-assisted bystander CPR is one
means to address these obstacles. On the basis of our
experience, dispatcher-assisted bystander CPR is associated
with a 25% absolute increase in the proportion of arrest
victims who receive bystander CPR (30% to 55%). Conse-
quently, given the large public health impact of sudden
cardiac death, the improved survival associated with

dispatcher-assisted bystander CPR is clinically important and
could potentially save thousands of lives annually.

Both the quality of bystander CPR and the interval from
collapse to CPR have been associated with survival in
out-of-hospital cardiac arrest. Our results suggest that
dispatcher-assisted bystander CPR and bystander CPR with-
out dispatcher assistance improve survival, in large part, by
reducing the interval from collapse to CPR. Similarly, the
modest survival advantage for bystander CPR without dis-
patcher assistance compared with dispatcher-assisted CPR
may be explained by differences in the quality of CPR or the
interval from collapse to CPR between the 2 groups. No
assessment of the quality of bystander CPR was available for
this analysis; however, given the survival differences among
witnessed arrests between the 2 bystander CPR groups when
EMS response times were short (�3 minutes, a duration
typically required to deliver and institute dispatcher-assisted
CPR7) and survival similarities when EMS response times
were longer (�5 minutes), our results suggest that the quality
of bystander CPR is comparable between the 2 bystander
groups and that the time-delay associated with dispatcher-
assisted CPR may be a more important factor.

TABLE 2. ORs of Survival in Out-of-Hospital Cardiac Arrest According to CPR Group

Characteristic
Survivors,

n
Fatal Arrest,

n
Unadjusted OR

(95% CI)
Multivariate OR

(95% CI)*

No bystander CPR 361 2844 1 1

Dispatcher-assisted bystander CPR 283 1584 1.41 (1.19, 1.66) 1.45 (1.21, 1.73)

Bystander CPR without dispatcher
assistance

470 1723 2.15 (1.85, 2.50) 1.69 (1.42, 2.01)

*Adjusted for age, sex, witness status, location, and BLS response time.

Multivariate adjusted odds ratio of survival by CPR status and
BLS response time in witnessed cardiac arrest. No bystander
CPR is the reference group for each BLS response-time cate-
gory. �, No bystander CPR before EMS arrival; �, dispatcher-
assisted bystander CPR; ‘, bystander CPR without dispatcher
assistance.
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Dispatch instruction in this study included ventilation and
chest compression. The most recent guidelines of the Amer-
ican Heart Association recommend that dispatcher instruction
of untrained bystanders be limited to chest compression only
and exclude ventilations.11 This simplification is designed to
increase the proportion of cardiac arrest victims who receive
bystander CPR while decreasing the interval required to
institute CPR. In adult cardiac arrest of relatively short
duration (an average response interval of 4 minutes), by-
stander CPR with only chest compression seems to be as
effective as bystander CPR with ventilation and chest com-
pression.16 Whether this effectiveness extends to the longer
durations of bystander CPR typical of most out-of-hospital
cardiac arrests is uncertain, although some animal models
support the comparability of the 2 methods in longer arrest
settings.17,18 If dispatcher-assisted bystander CPR with chest
compression alone maintains CPR effectiveness while in-
creasing the proportion of arrest victims who receive CPR, it
would further increase the public health impact of dispatcher
instruction.

Our study has limitations. Despite efforts to minimize con-
founding in the analysis of the study data, we cannot exclude the
possibility of uncontrolled confounding. Our study was based on
the experience of an EMS system with comparatively quick
response times; therefore, our results may not be generalizable to
all communities. However, the relative survival benefits of
dispatcher-assisted bystander CPR seem to increase as response
time increases. We did not have complete information on
neurological function among survivors. Given the differences in
time from collapse to CPR between the 3 CPR groups, there may
be potential differences in neurological outcome, although the
neurological status of the dispatcher-assisted CPR group would
presumably be at least as good as arrest survivors who received
no bystander CPR.19

Dispatcher-assisted bystander CPR is associated with im-
proved survival in out-of-hospital cardiac arrest compared
with those who received no bystander CPR before EMS
arrival. Consequently, emergency medical dispatchers should
be trained to provide CPR instructions and readily offer these
instructions during a cardiac arrest. Future efforts should be
aimed at increasing the proportion of cardiac arrest victims
who receive effective bystander CPR. Strategies of dispatcher
instruction that simplify the CPR algorithm and address
bystander concerns yet maintain the effectiveness of CPR
may help achieve this aim.

Acknowledgments
We are indebted to the emergency dispatchers, fire fighters, and
paramedics of King County for their ongoing, vital role in EMS care.

References
1. Zipes DP, Wellens HJJ. Sudden cardiac death. Circulation. 1998;98:

2334–2351.
2. Nichol G, Stiell IG, Laupacis A, et al. A cumulative meta-analysis of the

effectiveness of defibrillator-capable emergency medical services for
victims of out-of-hospital cardiac arrest. Ann Emerg Med. 1999;34:
517–525.

3. Valenzuela TD, Roe DJ, Cretin S, et al. Estimating effectiveness of
cardiac arrest interventions: a logistic regression survival model. Circu-
lation. 1997;96:3308–3313.

4. Gallagher EJ, Lombardi G, Gennis P. Effectiveness of bystander cardio-
pulmonary resuscitation and survival following out-of-hospital cardiac
arrest. JAMA. 1995;274:1922–1925.

5. Jackson RE, Swor RA. Who gets bystander cardiopulmonary resusci-
tation in a witnessed arrest? Acad Emerg Med. 1997;4:540–544.

6. Holmberg M, Holmberg S, Herlitz J. Effect of bystander cardiopulmonary
resuscitation in out-of-hospital cardiac arrest patients in Sweden. Resus-
citation. 2000;47:59–70.

7. Culley LL, Clark JJ, Eisenberg MS, et al. Dispatcher-assisted telephone
CPR: common delays and time standards for delivery. Ann Emerg Med.
1991;20:362–366.

8. Kellermann AL, Hackman BB, Somes G. Dispatcher-assisted cardiopul-
monary resuscitation. Validation of efficacy. Circulation. 1989;80:
1231–1239.

9. American Heart Association. Advanced Cardiac Life Support Guidelines.
Dallas, Texas: American Heart Association; 2000.

10a.Cummins RO, Chamberlain DA, Abramson NS, et al. Recommended
guidelines for uniform reporting of data from out-of-hospital cardiac
arrest: the Utstein style. Ann Emerg Med. 1991;20:861–874.

10b.Carter WB, Eisenberg M, Hallstrom A, et al. Development and imple-
mentation of emergency CPR instruction via telephone. Ann Emerg Med.
1984;13:695–700.

11. Eisenberg M, Hallstrom A, Carter W, et al. Emergency CPR instruction
via telephone. Am J Public Health. 1985;75:47–50.

12. Lin DY, Fleming TR, De Gruttola V. Estimating the proportion of
treatment effect explained by a surrogate marker. Stat Med. 1997;16:
1515–1527.

13. Guidelines 2000 for cardiopulmonary resuscitation and emergency car-
diovascular care: an international consensus of science. Circulation.
2000;102(suppl):I-22–I-59.

14. Sigbee M, Geden EA. Effects of anxiety on family members of patients
with cardiac disease learning cardiopulmonary resuscitation. Heart Lung.
1990;19:662–665.

15. Locke CJ, Berg RA, Sanders AB, et al. Bystander cardiopulmonary
resuscitation: concerns about mouth-to-mouth. Arch Intern Med. 1995;
155:938–943.

16. Hallstrom A, Cobb L, Johnson E, et al. Cardiopumonary resuscitation
with chest compressions alone or with mouth-to-mouth ventilation.
N Engl J Med. 2000;342:1546–1553.

17. Berg RA, Kern KB, Hilwig RW, et al. Assisted ventilation during
‘bystander’ CPR in a swine acute myocardial infarction model does not
improve outcome. Circulation. 1997;96:4364–4371.

18. Berg RA, Kern KB, Hilwig RW, et al. Assisted ventilation does not
improve outcome in a porcine model of single-rescuer bystander cardio-
pulmonary resuscitation. Circulation. 1997;95:1635–1641.

19. Bergner L, Bergner M, Hallstrom A, et al. Service factors and health
status of out-of-hospital cardiac arrest. Am J Emerg Med. 1983;3:
259–263.

TABLE 3. Mechanism of Benefit Associated With Bystander CPR in Witnessed Cardiac Arrest

OR in Baseline
Model*

� in Baseline
Model

OR in Model Adjusted
for Time From

Collapse to CPR
� in Adjusted

Model

Portion of Benefit Attributable
to Decreased Time From

Collapse to CPR, %†

Dispatcher-assisted CPR (n�1002) 1.54 0.433 1.14 0.131 69.7

CPR without dispatcher assistance
(n�1274)

1.81 0.592 1.29 0.252 57.4

*Referent group is those persons who received no CPR before EMS arrival (n�1384). Baseline model adjusted for age, sex, location, and BLS response time.
†Percent calculated from the equation {1�(�adjusted/�baseline)}�100.
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